Dissociation of molecular ions from highly excited states is difficult to probe, so our knowledge of their dynamical evolution and the parameters governing the dissociation is limited. The main complication is due to the large density of high-lying states and crossing of states. The latter may change the kinematics of the fragments, but in general, the contributions from different states to the fragment kinetic energy distributions cannot be separated. Consequently, the exact nature of the evolution remains elusive. In the present work, we have performed kinematic analysis of the dissociation dynamics of di-cations of N 2 and CO formed by photoionization, aiming to probe their highly excited states. Correlated fragment ion momenta are measured in coincidence with energy-analyzed ejected electrons, allowing us to estimate energy of the transient molecular ions. These measurements bring out the differences in kinematics of the fragmentation of transient molecular ions having different internal energies. Our analysis indicates that highly excited states decay primarily to their own asymptotic limits with only weak coupling to states decaying to lower asymptotes.
Introduction
Dissociation of an excited molecule or molecular ion is governed by the nature of potential energy curves (PECs) to which it is elevated from the ground state via vertical transition. As the system evolves after being formed in a particular excited state, coupling of states may occur. Such couplings, normally termed as indirect channels, may change the kinematic distribution of the final products and can significantly contribute to the dissociation along with the direct dissociation pathways. On the basis of features, different from the direct channels, that couplings produce in the observed kinematics, they can be divided in two categories.
The first category encompasses the cases of dissociation from stable and metastable states that normally do not decay over typical dissociation time scales. An otherwise stable state, when coupled to a repulsive state via crossing, may decay and produce a new kinematic feature. Such cases are usually prevalent for low-lying states. Autoionization and pre-dissociation are processes which fall in this category, and have been observed in many dissociation channels [1] [2] [3] . In addition, many studies have been performed to record the lifetime of the molecular ions and thus probe the participation of direct decay channels via tunnelling and the competition with associated indirect pathways [4] [5] [6] [7] [8] [9] [10] [11] .
In the second category are cases in which coupling occurs between intrinsically repulsive states of different asymptotic limits, the coupling then results in kinematics different from their direct dissociation pathways and often with distinguishable features in the kinetic energy release (KER) spectrum. Such processes, often coupled with cases of the first category, have been observed in the dissociation of many molecular ions [12] [13] [14] . In the dissociation of
